Introduction
============

Diverticulitis is a relatively common condition in the developed world which results in a significant number of hospital admissions with subsequent costs to both patients and society at large. The prevalence of the disease increases proportionally with advancing age; however, only a small proportion of patients with diverticulosis will develop symptomatic diverticulitis. It is estimated that 10%--25% of patients with diverticulosis will have an attack of diverticulitis during their lifetime.[@b1-ceg-4-203] It appears that the incidence of the disease is increasing, and patients are tending to present at a younger age.[@b2-ceg-4-203],[@b3-ceg-4-203] The spectrum of disease ranges from an isolated attack of mild inflammation of sigmoid diverticulae to colonic perforation with fecal peritonitis, a condition with significant morbidity and mortality. This review article will focus on the varied clinical presentation of diverticular disease, the treatment modalities available, the indications for elective and acute surgical intervention, and short and long-term outcomes following surgery.

Risk factors and prevention strategies
======================================

A diet high in intake of fiber, particularly cellulose, is protective against development of diverticular disease as early studies have postulated.[@b4-ceg-4-203] In addition, there is evidence from a large case-control study from the 1980s that the risk of developing colonic diverticulosis was increased 1.5 fold in 48,000 male health professionals who consumed red meat.[@b5-ceg-4-203],[@b6-ceg-4-203] The 20-year follow-up data from this study (The Health Professionals follow-up study) did not evince dietary intake of nuts, corn, and popcorn in the pathogenesis of diverticulitis, as previously thought.[@b7-ceg-4-203] Obesity has also been implicated in the development of diverticular disease, with relative risk of developing diverticulitis of 1.5--2, depending on whether BMI, waist-to-hip ratio, or waist circumference are considered.[@b8-ceg-4-203] Conversely, physical activity, particularly if vigorous, has been suggested to be protective against developing symptomatic diverticular disease in men and may also protect against bleeding diverticulosis.[@b9-ceg-4-203],[@b10-ceg-4-203] Some drugs have been suggested as increasing the risk of diverticular disease and its complications; to date only the use of nonsteroidal anti-inflammatory drugs and acetaminophen have been associated with symptoms of severe diverticular disease and its complication of bleeding.[@b11-ceg-4-203]

Clinical presentation and investigation of acute diverticulitis
===============================================================

Patients with acute diverticulitis typically present with acute onset of abdominal pain, localized in the left lower quadrant. Peritoneal irritation may cause localized tenderness with voluntary guarding and rebound found on clinical examination. Occasionally, if a patient has a long, redundant loop of sigmoid colon, the patient may present with right lower quadrant pain as the redundant loop crosses the midline to the right side. Acute diverticulitis should particularly be considered in the differential when an older patient presents with right lower quadrant pain. Classically, patients will have a fever and laboratory studies may show a leukocytosis (predominantly neutrophilia) with elevation of inflammatory markers.

The contemporary mainstay of diagnosis is Computed Tomography (CT) of the abdomen and pelvis; it remains an invaluable adjunct to clinical impression, helps to rule out differential diagnoses, grade the severity of disease, and guide clinical management. We generally recommend against colonoscopy in the acute setting because of the risk of perforating an already inflamed colon with gas insufflation. However, in selected patients in whom the diagnosis is unclear, to rule out pathology such as colon cancer, acute ischemia, or pseudomembranous colitis a gentle flexible sigmoidoscopy may be undertaken.

Evolution in the classification systems used for acute diverticulitis
=====================================================================

There are two main classification modalities for grading the severity of diverticulitis. The more traditional Hinchey Classification grades sigmoid diverticulitis based on findings at surgery[@b12-ceg-4-203] (see [Table 1](#t1-ceg-4-203){ref-type="table"}) and was first described in 1978. The major flaw of the Hinchey classification is that it is not applicable to the majority of patients with diverticulitis who can be managed with antibiotics and do not require surgery. Several modifications of the Hinchey grading system have therefore been proposed. Among them, a European consensus conference on diverticular disease has proposed a subclassification of Hinchey grade II diverticulitis, divided into grade IIA, corresponding to a distant abscess amenable to percutaneous drainage and grade IIB, which is a complex abscess with or without an associated fistula.[@b13-ceg-4-203] Another recent advancement in the classification of sigmoid diverticulitis has been introduced by Ambrosetti and colleagues who described the severity of diverticulitis based on CT findings as moderate or severe diverticulitis[@b14-ceg-4-203] (see [Table 2](#t2-ceg-4-203){ref-type="table"}). Moderate disease is present when inflammation of the pericolic fat is associated with sigmoid colon wall thickness greater than 5 mm. Severe disease is moderate disease plus at least one of either abscess, free extraluminal gas, or contrast extravasation from the colon.[@b15-ceg-4-203] Chautems et al reported their experience with acute diverticulitis diagnosed by CT in a cohort of 118 patients, followed for a median of 9.5 years. Their data showed that young age (\<50) and severe diverticulitis diagnosed on CT scan were independent predictors of poor outcome (*P* = 0.007 and *P* = 0.003, respectively). Using this data the authors advocate offering elective surgery to young patients with severe disease on CT scan.[@b16-ceg-4-203]

Management of uncomplicated acute diverticulitis
================================================

In the event of localized sigmoid diverticulitis, with inflammation of the sigmoid colon, the basic tenet of management is administration of broad-spectrum antibiotics. Typically, younger patients who are systemically well with no comorbidity can be managed with oral antibiotics in the outpatient setting. However, older patients, patients with signs of systemic toxicity or significant comorbidity may warrant hospital admission for intravenous antibiotics. However, admission to hospital with acute diverticulitis requiring intravenous antibiotics remains associated with good outcomes.[@b17-ceg-4-203],[@b18-ceg-4-203] After initiation of intravenous antibiotic therapy one should see an appropriate drop in white blood cell count and temperature.[@b18-ceg-4-203],[@b19-ceg-4-203] The vast majority of patients with uncomplicated diverticulitis will recover without incident. Current studies are focusing on the identification of possible predictors of patients who are at higher risk of recurrence. Hall et al, in following a cohort of 672 patients after their first attack of uncomplicated diverticulitis for a mean follow-up of 48 months, found an overall recurrence rate of 36% at 5-year follow-up. Predictors of recurrence included family history, long segment of diseased colon (\>5 cm), and history of retroperitoneal abscess at first presentation.[@b20-ceg-4-203] A small proportion of patients will fail to respond to nonoperative management and experience worsening symptoms. This group of patients may require surgery during the same hospital stay or an expedited elective procedure performed 6 weeks after the acute attack of diverticulitis.

In the majority of patients who recover from an acute attack and are discharged from the hospital, it is critical to exclude other conditions, particularly malignancy, on follow-up. Thus, if the patient has not had a recent colonoscopy it is advisable to schedule one after resolution of the acute attack.

Evolution in the indications for elective surgery
=================================================

For many years, the traditional surgical teaching was that an elective sigmoid colectomy should be advised after a second attack of uncomplicated diverticulitis. This principle was based on the assumption that after two episodes of diverticulitis, subsequent disease attacks were inevitable and that surgical resection removed the risk of recurrence presenting acutely with a potentially life-threatening colonic perforation. However, more recent data has challenged the traditional indications for elective resection. Chapman and colleagues reported that patients with more than two prior episodes of diverticulitis were not at increased risk of developing complicated diverticulitis (defined as diverticulitis with perforation, obstruction, abscess, fistula, bleeding, or phlegmon).[@b21-ceg-4-203] Their data demonstrated that morbidity and mortality rates in patients with recurrent diverticulitis were equivalent to that seen in patients who presented with complicated diverticulitis at first presentation. Other studies have confirmed that clinical presentation of free perforation mostly occurs as the first episode of disease and that avoidance of surgery after two episodes is not associated with an increase in emergency surgery and may result in reduced health care costs.[@b22-ceg-4-203]--[@b24-ceg-4-203] The indication for colectomy should therefore not be made based on the potential risk of free perforation. In this respect, the American Society of Colon and Rectal Surgeons (ASCRS) guidelines for elective sigmoid colectomy recommend that "the number of attacks of uncomplicated diverticulitis is not necessarily an overriding factor in defining the appropriateness of surgery". Rather, the decision to operate on uncomplicated disease should be individualized taking into account patient age, medical comorbidity, frequency and severity of attack(s), and persistence of symptoms after resolution of the acute infection.[@b25-ceg-4-203] As a result, the number of patients undergoing elective resection for acute, uncomplicated diverticulitis is falling. Data from the National Inpatient Sample evaluating 685,390 hospital discharges with a diagnosis of acute diverticulitis over a 15-year time period ending in 2005 indicates that the number of patients with diverticulitis per 1000 hospital discharges increased but the proportion of patients undergoing colectomy for uncomplicated diverticulitis significantly decreased from 17.9% in 1991 to 13.7% in 2005. Over the study period the proportion of patients with diverticular abscess increased from 5.9% to 9.6% but the percentage of patients with free perforation was unchanged at 1.5% and the number of perforations/abscesses treated by colectomy declined from 71% to 55.5%.[@b3-ceg-4-203] Occasionally patients with recurrent acute diverticulitis may present with symptoms of large bowel obstruction due to stricturing disease, a sequela of recurrent attacks of inflammation that heal by fibrosis. Alternatively, a patient may present with symptoms of fistulizing disease to the bladder, vagina, or uterus. Colovesical fistulae can present with pneumaturia. The patient describes passing gas bubbles and fecal sediment per urethra and may give a recent history of recurrent urinary tract infections and dysuria. Many radiologic modalities exist for the diagnostic evaluation of a colovesical fistula; contrast CT of abdomen/pelvis, cystoscopy, contrast enema, and the poppy seed test have all been utilized. Typically, most patients present with classic symptoms of pneumaturia and fecaluria. Melchior and colleagues analyzed their experience with 49 patients diagnosed with colovesical fistula secondary to diverticular disease and found that of these, 71% presented with pneumaturia and 51% admitted to fecaluria. Comparing the various diagnostic modalities they found the poppy seed test to have the greatest sensitivity, with 94.6% (35/37) of patients having a positive test. In contrast, CT picked up 61%, MRI 60%, cystogram 16.7%, contrast enema 35.7%, cystoscopy 10.2%, and colonoscopy 8.5% of fistulae.[@b26-ceg-4-203] Garcea et al similarly found that most patients presented with symptoms classically attributable to fistulizing disease between the colon and bladder. 90.1% of their cohort of 90 patients had either pneumaturia or fecaluria. However, they found cystoscopy to be the most sensitive predictor of a fistula (46.2%) followed by barium enema (20.1%).[@b27-ceg-4-203]

Colovaginal fistulae are often encountered against a background of prior hysterectomy where a redundant inflamed sigmoid colon lies on top of the apex of the vagina. On inserting a speculum into the vagina it may be possible to identify a fistulous opening at the apex of the vagina. Colouterine fistulae are rare and usually manifest as crampy lower abdominal pain with purulent vaginal discharge. The sigmoid colon may also fistulize to the small bowel, right or transverse colon, and in a thin person a colocutaneous fistula may ensue.

Elective surgical management of uncomplicated diverticular disease
==================================================================

The goal of surgery is to remove the diseased sigmoid colon in its entirety, fashioning an anastomosis between the soft, proximal remnant left colon and the upper rectum recognized by the confluence of the teniae. Failure to resect the entire sigmoid colon is associated with a four-fold increased likelihood of developing recurrent diverticulitis.[@b28-ceg-4-203],[@b29-ceg-4-203] Takedown of the splenic flexure is often required, although not mandatory, to facilitate a tension-free anastomosis. Identification of the ureter is mandatory prior to vessel ligation. Ligation of the inferior mesenteric artery at the origin is not absolutely necessary and might be associated with a period of anorectal malfunction (as long as 6 months) characterized by diarrhea, urgency to defecate, tenesmus, or inability to discriminate between gas and stool.[@b30-ceg-4-203] There is no strong data to support the results of this study as quality of life and functional outcomes after sigmoidectomy are generally excellent.[@b31-ceg-4-203] At times the degree of inflammation in the left lower quadrant may be significant. Perioperative ureteric stenting should be considered in such cases. If an inflammatory phlegmon is encountered it is possible to identify the ureter proximally, often as far cephalad as the renal hilum and follow it distally. This allows safe delineation of the ureter in relation to the inflammatory process, allowing safe mobilization and division of the colon. In such patients, we have a low threshold for a proximal diverting loop ileostomy. Some debate remains regarding the optimal timing of surgery in acute diverticulitis. Some centers advocate operating on the same hospital admission to reduce hospital stay and possible re-admissions with acute diverticulitis in the window period prior to planned surgery.[@b32-ceg-4-203] Natarajan et al, in reviewing their series of laparoscopic sigmoid colectomy for diverticular disease, did not find any association between timing of surgery, complication rate, operative time, recovery period, or conversion to open.[@b33-ceg-4-203] On the other hand, other series have indicated that early surgery was associated with a significant increase in conversion rate (37.7% vs 12.9%, *P* \< 0.001) and longer hospitalization (13.5 vs 10.5 days; *P* \< 0.001).[@b34-ceg-4-203] A prospective German study evaluating the optimal timing of laparoscopic sigmoid resection for uncomplicated and complicated diverticular disease showed that patients having early surgery (4--8 days after initiation of antibiotic therapy, n = 244) incurred in an increased number of conversions (9.7% vs 0.9%), increased minor morbidity (25.9% vs 12.9%) and wound infection rates (16.4% vs 4.6%) than patients who had delayed surgery.[@b35-ceg-4-203] Based on this data we continue favoring delaying elective surgery by an interval of 4--6 weeks after the latest disease episode.

Evolution in operative approach -- from open surgery to minimally invasive techniques
=====================================================================================

With the advent of minimally invasive surgery, the laparoscopic and single incision approaches are being increasingly utilized. Many data support that the laparoscopic approach to diverticular disease is associated with accelerated postoperative recovery. A meta-analysis of 19 studies comparing open and laparoscopic sigmoid colectomy has shown equivalence in the incidence of medical complications, rehospitalization or reoperation. In addition, the laparoscopic approach was associated with fewer wound complications (*P* \< 0.05), blood transfusions (*P* \< 0.01) and postoperative ileus rates (*P* \< 0.01).[@b36-ceg-4-203] Furthermore, data from our group has previously indicated that laparoscopic surgery is cost-effective.[@b37-ceg-4-203] A prospective, randomized, single-blinded comparison of open and laparoscopic sigmoid colectomy recently published confirms that the laparoscopic approach is associated with a 30% reduction in duration of postoperative ileus and hospital stay; the median duration of procedure was 165 minutes in the laparoscopy group and 110 minutes in the open group (*P* \< 0.0001). In contrast with this, the median delay between surgery and first bowel movement was 76 hours in the laparoscopy group vs 105 hours in the open group (*P* \< 0.0001). The median score for maximal pain assessed by a visual analog scale was 4 in the laparoscopy group vs 5 in the open group (*P* = 0.05). Finally, the median duration of hospital stay was 5 days in the laparoscopy group vs 7 days in the open group (*P* \< 0.0001).[@b38-ceg-4-203] Another prospective randomized controlled trial, the Sigma trial, also showed similar benefits for laparoscopic surgery over open resection. Laparoscopic resection again took longer (*P* = 0.0001) but was associated with decreased intraoperative blood loss. Moreover, there were significantly more major complications in the open sigmoid colectomy group (9.6% vs 25.0%; *P* = 0.038). Patients undergoing laparoscopic resection also reported less pain, required reduced doses of systemic analgesia, returned home earlier, and experienced a significantly better quality of life.[@b39-ceg-4-203] Very little data exists regarding Hand Assisted Laparoscopic Surgery (HALS), other than a systematic review and meta-analysis of HALS and laparoscopic colorectal surgery in general, which found HALS to be associated with reduction in both operating time and conversion rates, particularly pertaining to diverticulitis.[@b40-ceg-4-203] HALS might be particularly suitable for extensively inflamed, adherent, or fistulizing sigmoid colon disease. More recently, several short series on single incision laparoscopic surgery (SILS) sigmoid colectomy for diverticular disease have been published;[@b41-ceg-4-203],[@b42-ceg-4-203] however, these series are small and the procedure is still in its embryonic stages, thus we cannot comment on its utility in diverticular disease other than to say that it has promise.

Outcomes following surgical resection of sigmoid diverticular disease
=====================================================================

Outcomes following laparoscopic or open sigmoid colectomy for diverticular disease are generally considered to be excellent. However, the actual data on quality of life following sigmoid colectomy for diverticular disease remain limited. The Cleveland Clinic Florida analyzed 57 patients who had a sigmoid colectomy for diverticular disease (23 laparoscopic, 34 open). The SF-36 Health Survey, which measures eight different health-quality domains, was generally excellent with no difference observed in the laparoscopic group when compared to patients having open surgery. Only small bowel obstruction and incisional herniae were associated with a lower SF-36 score.[@b43-ceg-4-203] Forgione et al described outcomes in a cohort of 46 patients who had sigmoid colectomy performed for diverticular disease, 45 of whom had laparoscopic procedure. All patients were assessed preoperatively and at 3, 6, and 12 months postoperatively regarding quality of life and bowel symptomatology (gastrointestinal quality of life index \[GIQLI\]). The questionnaire, developed by Eypasch,[@b44-ceg-4-203] contains up to 36 items, scored on a five-point Likert scale (range 0--144, higher score = better QOL), in which additional modules, specified by the particular chronic gastrointestinal disease, supplement a set of core questions. Quality of life significantly improved in the group, with 36 patients having an increase in their GIQLI greater than 10 points. These improvements were evident at 3 months and maintained at 1 year follow-up. The improvement was due to increments in gastrointestinal symptoms and was most significant in those with lowest preoperative scoring. However, five of 46 patients had a deterioration in GIQLI without a precipitating event. There was no impairment in urinary and sexual function postoperatively.[@b28-ceg-4-203] Recurrence rates after elective resection of sigmoid diverticular disease should be less than 5% after appropriate resection.[@b45-ceg-4-203],[@b46-ceg-4-203] However, some patients may return with recurrent symptoms, with no objective clinical, radiologic, or endoscopic evidence of either recurrent diverticulitis or anastomotic stricture. Egger et al found in their cohort of 162 patients who had a sigmoid colectomy for diverticular disease that 25% of patients evaluated at follow-up had recurrent symptoms. However, none of these patients had recurrent diverticulitis and recurrent symptoms were independent of indication for surgery (complicated vs uncomplicated diverticulitis) or operative approach (open vs laparoscopic).[@b46-ceg-4-203] It is possible that at least in some cases the symptoms are attributable to Irritable Bowel Syndrome but not all cases of recurrent symptoms following surgery for sigmoid diverticulitis are easily explainable. These occurrences underscore the importance of CT scan to accurately establish the diagnosis of sigmoid diverticulitis.

Complicated diverticular disease
================================

Complications of diverticular disease include stricture, fistula, bleeding, perforation, and abscess. There is some data to suggest that patients in lower socioeconomic groups are more likely to present emergently with complications of disease; similarly, they are less likely to have surgery.[@b47-ceg-4-203],[@b48-ceg-4-203] Elective surgery is indicated for complicated diverticular disease in a good-risk patient. On the other hand, when medical comorbid conditions make surgery hazardous, a nonoperative approach may be adopted. The operative approach to complicated sigmoid diverticulitis depends on the disease presentation in each individual patient. Emergency surgery is required to manage perforated diverticular disease with generalized peritonitis; fistulizing and stricturing disease typically can instead be dealt with in the elective setting. Diverticular abscesses may require initial percutaneous drainage (Hinchey Grade I, II; Ambrosetti severe diverticulitis), depending on the size of the abscess. There is no uniform acceptance of which abscesses require drainage based on size alone; however, the available data would suggest that abscesses less than 3 cm can be initially approached with antibiotics alone and even abscesses of 3--4 cm in maximal diameter are likely to respond to antibiotic therapy alone. On the other hand, abscesses greater than 4 cm are likely to require percutaneous drainage[@b49-ceg-4-203] and when the diameter exceeds 6.5 cm and is associated with a temperature greater than 101°F, failure of antibiotic therapy can definitely be anticipated.[@b50-ceg-4-203] An alternative view has been proposed questioning the validity of radiologic drainage of diverticular abscess. A case-control study from Switzerland suggests that percutaneous drainage does not derive any benefit over antibiotic therapy alone. A total of 34 patients with a diverticular abscess (mean diameter 6 cm, range 3--18 cm) had percutaneous CT-guided drainage and were compared with 32 patients with an abscess (mean diameter 4 cm, range 3--10 cm) who were treated with antibiotics as radiologic drainage was not technically feasible. Only 6 of 32 patients failed the antibiotic regimen (failure being defined as needing an emergency operation, worsening sepsis, or recurrence of abscess within 4 weeks of therapy) as compared to 11 of 34 patients in the radiologic intervention group (33% vs 19%, NS).[@b51-ceg-4-203] These data question the need for radiologic intervention and warrant further investigation. It is our practice to initially treat diverticular abscesses with radiologic drainage when technically feasible, particularly for abscesses larger than 5 cm and pelvic abscesses.

Surgery for complicated diverticular disease
============================================

Elective surgery for complicated disease is typically for a stricture, fistula, or phlegmon. A stricture of the sigmoid colon secondary to chronic diverticulitis may be impossible to differentiate from sigmoid carcinoma and can present acutely as large bowel obstruction. In this setting, surgery is necessary. The operative approach of choice is patient dependent. If the patient is young, and can tolerate a big operation, sigmoid colectomy with primary anastomosis is advised. Inclusion of a proximal diverting ileostomy is at the surgeon's discretion. In performing a primary anastomosis in an acutely obstructed bowel fecal loading is often encountered proximal to the stricture and on-table colonic lavage via an appendicostomy or enterotomy in the terminal ileum may be necessary. Occasionally, a grossly dilated left colon may be deemed unsuitable for anastomosis and a Hartmann's procedure is preferable. Similarly, in an older, infirm patient it may be advisable to perform a proximal diversion to relieve the obstruction to shorten anesthetic time and potential complications. It may be possible to do a staged resection at a later date when the patients' medical condition has been optimized. In those patients considered poor surgical candidates, at high mortality risk, some authors would advocate use of endoscopically placed metallic stents to relieve symptoms. However, reobstruction and perforation are major and not infrequent complications of endoscopic stent placement for sigmoid strictures.[@b52-ceg-4-203]

Fistulizing disease from the sigmoid colon represents a strong indication for operative intervention. Fistulizing disease is most commonly seen between the sigmoid colon and bladder.[@b26-ceg-4-203],[@b53-ceg-4-203] Colectomy for colovesical fistulae can be challenging. Typically, the sigmoid colon is densely adherent to the dome of the bladder and the pelvic sidewall. In these circumstances one must remain cognizant that the left ureter may be pulled medially into the inflammatory phlegmon. Many data support laparoscopy as the approach of choice to fistulizing disease, recognizing that the conversion rate may be higher and operating time longer, in this subset of patients.[@b51-ceg-4-203]--[@b57-ceg-4-203] Caution needs to be exercised in female patients with fistulae to the genital tract as there is a significant risk of ureteric injury, up to 5% in published series.[@b58-ceg-4-203] HALS may be a procedure which minimizes intraoperative complications as the use of a hand in the peritoneal cavity can facilitate finger fracture of a diseased, inflamed colon from the bladder and retroperitoneum, obviating the need to use electrocautery devices in these areas, where injudicious use can cause injury to adjacent structures.

Surgery for generalized peritonitis secondary to diverticular perforation
=========================================================================

Perforation of a sigmoid colon diverticulum with generalized peritonitis is a surgical emergency associated with significant mortality. Traditionally, the operation of choice for these patients was a Hartmann's procedure whose contemporary modification formally consists of sigmoid colectomy with end descending colostomy and oversewing of the rectal stump. This operation has also been performed laparoscopically.[@b59-ceg-4-203],[@b60-ceg-4-203] In practice, patients are often significantly compromised during surgery and an expedited resection may benefit a septic, hemodynamically compromised patient. This involves simply resecting the perforated segment of the sigmoid colon, (a "perforectomy"), exteriorizing the proximal end as a colostomy, and oversewing the distal segment. The remainder of the sigmoid colon is excised at the time of colostomy reversal. The morbidity and mortality for a Hartmann's procedure remains high which likely reflects the nature of the underlying pathology and patient condition rather than the procedure.[@b60-ceg-4-203],[@b61-ceg-4-203] Despite a large body of literature to support primary anastomosis, with or without proximal diversion,[@b62-ceg-4-203]--[@b65-ceg-4-203] the Hartmann's procedure is not yet obsolete and remains an important part of the surgeon's armamentarium. It may be possible, in select circumstances, to resect the perforated, diseased segment of colon and restore intestinal continuity with a primary colorectal anastomosis. This procedure may require on-table colonic lavage via an appendicostomy, which prolongs the operation and involves liberation of the splenic and occasionally, the hepatic flexure. A proximal ileostomy may be utilized, based on surgeon preference.[@b63-ceg-4-203]--[@b65-ceg-4-203] A large Dutch prospective trial, the LADIES trial,[@b66-ceg-4-203] has started to recruit patients to either a Hartmann's procedure or a primary anastomosis for management of Hinchey III/IV diverticulitis and we eagerly await their findings. A major consideration when performing a Hartmann's procedure is that a significant proportion of patients will not have the colostomy reversed for a variety of reasons.[@b67-ceg-4-203]--[@b69-ceg-4-203] In addition, colostomy reversal is associated with an appreciable morbidity.[@b70-ceg-4-203],[@b71-ceg-4-203] It is possible that the reversal operation can be performed using a minimally invasive approach, with slight decrease in postoperative morbidity.[@b72-ceg-4-203]

Management of sigmoid diverticulitis in the immunocompromised patient
=====================================================================

Patients who are immunocompromised or immunosuppressed after transplant surgery are particularly susceptible to developing diverticulitis. Consistent data suggest that the attacks of diverticulitis tend to be more virulent, more likely to be associated with perforation[@b73-ceg-4-203] and have a higher morbidity and mortality than in the general population.[@b74-ceg-4-203]--[@b76-ceg-4-203] It is practice at our institution to advise early surgical intervention in these patients, either soon after resolution of the first attack or during the same hospital stay. Many other centers practice these recommendations, although no good data exists to support this aggressive surgical approach to a very high-risk group of patients.[@b77-ceg-4-203],[@b78-ceg-4-203] We routinely fashion a defunctioning loop ileostomy after elective sigmoid resection in these patients.[@b78-ceg-4-203] Occasionally, patients present with uncomplicated diverticulitis while awaiting transplant. It is our policy to adopt an expectant approach to these patients because of their poor state of health and consider sigmoidectomy in case of recurrent diverticulitis only after transplant. With respect to HIV-positive patients there is data suggesting that lower CD4+ counts are associated with poorer outcomes and increased morbidity rates after surgery.[@b79-ceg-4-203]

The evolution of alternative surgical management for Hinchey III diverticulitis: laparoscopic lavage
====================================================================================================

Laparoscopic peritoneal lavage was first described by O'Sullivan and colleagues in eight patients with purulent generalized peritonitis, none of whom required further surgical intervention during 48 months of follow-up. This original report from 1996 prompted a prospective, multi-institutional Irish study of 100 patients with purulent peritonitis following diverticular perforation. Patients had laparoscopic evaluation of the peritoneal cavity, lavage with 4 L of warm saline solution and no resection. The selective use of drains was left to the individual surgeon's discretion with feculent peritonitis or a visible opening in the sigmoid as contraindications to this approach. Morbidity and mortality rates were 4% and 3%, respectively. Only two patients (2.2%) required subsequent percutaneous drainage of a pelvic abscess. At median follow-up of 36 months, only two patients (2.2%) presented with recurrent diverticulitis.[@b80-ceg-4-203] This study prompted several other groups to assess the feasibility of laparoscopic lavage for Hinchey III diverticulitis. An Australian group has shown similarly encouraging data, with eight out of 27 patients (29.6%) treated with laparoscopic lavage developing recurrent complicated diverticulitis requiring elective surgical resection. A further 29.6% (8/27) had an uncomplicated postoperative course with early, planned resection. The remaining patients (11/27, 40.8%) had no further sequelae at a mean follow-up of 20 months.[@b81-ceg-4-203] A retrospective, comparative French study evaluated the outcomes of patients with Hinchey III diverticulitis treated by laparoscopic lavage (n = 24) compared with those in whom resection and anastomosis (n = 35) was undertaken. The results showed that the median hospital stay was lower in patients treated by laparoscopic peritoneal lavage (8 vs 17 days, *P* \< 0.0001). Twenty-five patients in the laparoscopic peritoneal lavage group subsequently underwent elective laparoscopic resection, with only one case converted to laparotomy. Cumulative surgical morbidity (16% vs 37.5%, *P* = 0.0507) and hospital stay (14 vs 23 days, *P* \< 0.0001) was less in the laparoscopic peritoneal lavage group.[@b82-ceg-4-203] A noteworthy, potential advantage of laparoscopic lavage is that it may reduce the number of patients requiring an ostomy by converting an emergency resection with proximal stoma/colostomy to an elective laparoscopic sigmoid colectomy with primary anastomosis. In addition, a significant proportion of patients having successful laparoscopic lavage may not require definitive surgery at all. The true value of this new technique will become evident once the results of a randomized controlled trial, the Lapland Study (<http://clinicaltrials.gov/ct2/show/study/NCT01019239?term=lapland&rank=1>), an Irish-based multi-institutional prospective RCT, become known.

A suggested paradigm for management of Sigmoid Diverticulitis is shown in [Table 3](#t3-ceg-4-203){ref-type="table"}.

Alternative approach in the medical management of diverticulitis: anti-inflammatory agents
==========================================================================================

Several authors have suggested that sigmoid diverticulitis is a form of inflammatory bowel disease which could benefit from treatment with anti-inflammatory agents. For example, a combination of rifamixin and mesalazine for 10 days to induce remission in symptomatic uncomplicated diverticular disease followed by mesalazine alone for 8 weeks was tested in a study cohort of 90 patients.[@b83-ceg-4-203] This regimen was associated with a statistically significant improvement in disease symptoms with 78% of patients being completely asymptomatic after 8 weeks of therapy. It has been suggested based on the results of a series of 268 patients that higher doses of mesalazine (800 mg BID) are associated with a statistically significant improvement in symptoms when compared to lower doses of mesalazine (400 mg BID) and rifamixin. Probiotics combined with mesalazine have also emerged as an alternative potential therapeutic strategy in preventing recurrent attacks of diverticulitis. One series reported that treatment with mesalazine and/or lactobacillus casei induced remission in 88% of their patients at a median follow-up of 2 years. However, cessation of the treatment was associated with relapse of symptoms in all cases.[@b84-ceg-4-203] These studies are limited by small numbers and stronger evidence is needed to support routine use of mesalazine or probiotics in clinical practice.

Conclusion
==========

Sigmoid diverticulitis is a condition with diverse clinical consequences, ranging from mild inflammation to life-threatening perforation. The majority of cases resolve with broad-spectrum antibiotic therapy. In regards to immunocompromised patients with diverticulitis we advocate early surgical intervention after the first episode. The indications for elective surgery for uncomplicated diverticulitis should otherwise be tailored for each individual patient. In contrast, most clinicians agree that sigmoidectomy is warranted for complicated diverticular disease. Laparoscopic sigmoidectomy is now accepted as an advantageous alternative to open surgery in select patients. Laparoscopic lavage may be an option for generalized, non-feculent peritonitis.
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Hinchey classification of acute diverticulitis and its modifications

              **Hinchey classification[@b12-ceg-4-203]**                                                       **Köhler modification[@b13-ceg-4-203]**
  ----------- ------------------------------------------------------------------------------------------------ -------------------------------------------------------
  Stage I     Pericolic abscess confined by the mesocolon                                                      Pericolic abscess
  Stage II    Pelvic abscess, distant from area of inflammation                                                IIa distant abscess amenable to percutaneous drainage
              IIb complex abscess with/without associated fistula                                              
  Stage III   Generalized peritonitis resulting from pericolic/pelvic abscess rupture into peritoneal cavity   Generalized purulent peritonitis
  Stage IV    Fecal peritonitis resulting from free perforation of colonic diverticulum                        Fecal peritonitis

###### 

Ambrosetti classification[@b15-ceg-4-203]

  ------------------------------------------------------------------------------------------
  **Moderate diverticulitis**                        **Severe diverticulitis**
  -------------------------------------------------- ---------------------------------------
  Localized sigmoid colon wall thickening (\>5 mm)   Moderate diverticulitis plus any of:\
                                                     Abdominopelvic abscess\
                                                     Free extraluminal gas\
                                                     Extraluminal contrast extravasation

  Inflammation localized to pericolic fat            
  ------------------------------------------------------------------------------------------

###### 

Suggested treatment algorithm for acute diverticulitis

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Acute uncomplicated diverticulitis**   **Acute complicated diverticulitis**                                                                                       
  ---------------------------------------- --------------------------------------------------------------------------------- ---------------------------------------- --------------------------------------------------------------------------------------
  LLQ pain                                 Oral antibiotics\                                                                 Diverticulitis with associated abscess   Admission, iv antibiotics if abscess \< 5 cm\
                                           Admission for iv antibiotics in older patients with comorbidity/signs of sepsis                                            If no response, or abscess \> 5 cm, percutaneous abscess drainage

                                                                                                                             Purulent peritonitis                     Laparoscopic lavage or laparotomy, sigmoid colectomy with/without proximal diversion

                                                                                                                             Fecal peritonitis                        Hartmann's procedure
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** LLQ, left lower quadrant; iv, intravenous.
